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Background: In cultured, dividing transformed T lymphocytes and in dividing bone marrow cells from normal men and those with 
a haematological malignancy, sex chromosome aneuploidy has been found to increase in prevalence and degree with age. This 
has rarely been investigated in non-dividing uncultured blood samples. The loss and gain of the X chromosome in dividing 
transformed lymphocytes in women with age is much more frequent than that of the Y chromosome in males. However, 
paradoxically X chromosome aneuploidy is rarely seen in the dividing cells of bone marrow of females. 

Methods: In blood samples from 565 men with breast cancer and 54 control men from the England and Wales general population, 
80 cell nuclei per sample were scored for presence of X and Y chromosomes using fluorescent centromeric probes. 

Results: Sex chromosome aneuploidy, largely Y chromosome loss, was present in 63% of cases and 57% of controls, with the 
prevalence and degree of aneuploidy increasingly sharply and highly significantly with age. At ages 65-80 years, 71% of cases and 
85% of controls showed aneuploidy and 15% and 25%, respectively, had ^10% of cells aneuploid. Allowing for age, aneuploidy 
was less prevalent (P = 0.03) in cases than controls. 

Conclusion: Sex chromosome aneuploidy in non-dividing nuclei of peripheral blood cells is frequent in adult men, the prevalence 
and degree increasing sharply with age. The possible relation of sex chromosome aneuploidy to breast cancer risk in men, and to 
cancer risk generally, needs further investigation, ideally in cohort studies. 



In 1961 it was shown that human chromosome counts, obtained 
by examining peripheral blood stimulated to divide in culture 
by phytohaemagglutin, showed an ageing effect that was present 
both in individuals with a normal chromosome constitution and 
in individuals with Down and Klinefelter Syndromes (Jacobs 
et al, 1961). In all three populations the proportion of cells with 
a missing or additional chromosome (i.e. aneuploid cells) in- 
creased approximately in proportion to the age of the individual. 
A similar study of patients with a variety of cancers showed 
no difference between the cancer patients overall and normal 
individuals (Buckton et al, 1962). It was later postulated that 
the missing or additional chromosome responsible for this effect 
was the Y chromosome in men and the X chromosome in 



women (Jacobs et al, 1963). This was subsequently confirmed 
using banding techniques (Galloway and Buckton, 1978). In 
virtually all studies aneuploidy of the X chromosomes in females 
was very much more frequent than that of the Y chromosome 
in males. 

Transformed cells in blood cultures consist of T lymphocytes; 
thus, the majority of data on the loss or gain of sex chromosomes 
with age refer only to T cells. However, studies of direct 
preparations of bone marrow cells from men with a haematological 
malignancy showed a relatively large proportion to have a cell line 
with a 45,X constitution, the Y chromosome being absent 
(O'Riordan et al, 1970). Chromosome studies of bone marrow 
from men who did not have haematological disease were also found 
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to have 45,X cells, in a similar proportion to that in patients with 
haematological malignancy (O'Riordan et al, 1970; United Kingdom 
Cancer Cytogenetics Group (UKCCG), 1992). There are very few 
published data on sex chromosome aneuploidy in the marrow cells 
of females with or without a haematological malignancy, but it 
appears that X chromosome aneuploidy is not a feature of the 
marrow cells of ageing women (Seeker Walker 1971). 

There are a very few studies of sex chromosome aneuploidy in 
which non-dividing nuclei, either cultured or uncultured, have 
been observed using in-situ hybridisation with chromosome- 
specific probes (Cremer et al, 1986; Eastmond and Pinkel 1990) 
and only two of which we are aware, where investigators have used 
X- and Y-specific probes to investigate age-related sex chromo- 
some aneuploidy (Guttenbach et al, 1994; 1995). Furthermore, 
since the early reports, which are restricted to relatively small 
numbers, little has been reported on Y chromosome aneuploidy in 
ageing males. 

While we were using X and Y centromere probes on blood films 
from a population of adult men with breast cancer in order to 
detect those with a constitutional sex chromosome abnormality, we 
took the opportunity to study the effect of age on sex chromosome 
aneuploidy. As only 35 of the 138 males studied by Guttenbach 
et al (1995) were >60 years of age, we thought that our study 
involving 565 men of whom 330 were > 65 years would be a useful 
addition to the information on sex chromosome aneuploidy in 
ageing males. 



MATERIALS AND METHODS 



We undertook a population-based case-control study in England 
and Wales of the genetic, environmental and behavioural causes of 
breast cancer in men. AU men resident in these countries with 
breast cancer diagnosed at ages 18-79 since 1 January 2005 were 
potentially eligible to be cases, and interviews were conducted with 
as many of these subjects as possible. 

The controls for the study, who were in the same age range and 
did not have breast cancer, were identified from two sources in 
England and Wales. The first was male non-blood relatives of the 
cases, and the second was husbands of women without breast 
cancer taking part in the Breakthrough Generations Study (BGS), a 
large national cohort study of women in the general population of 
the UK (Swerdlow et al, 2011). The study was approved by the 
South East Multicentre Research Ethics Committee. 



Because breast cancer is more frequent in males with a 47^XXY 
chromosome constitution (Klinefelter syndrome) than in 46,XY 
males (Swerdlow et al, 2005), we obtained blood samples to test for 
the presence of a constitutional 47,XXY cell Une. The blood samples 
from cases and controls were coded and sent to the laboratory, where 
they were scored blind. To test the sex chromosome status, dried 
blood smears were fixed in four changes of 3 : 1 methanoliacetic acid, 
air-dried and aged under UV light for 20 s. Probe mix containing 
centromere probes for the X and Y chromosomes, respectively, was 
hybridised for 2h and following a stringent wash the slides were 
counterstained and examined under a fluorescence microscope. 
Wherever possible 80 cell nuclei from blood samples were scored for 
the presence of the X and Y chromosomes. Preparations with fewer 
than 30 cells scored proved to be of insufficient quality to score the 
sex chromosome constitution accurately and therefore are excluded 
from this paper. Similarly, buccal swabs, which we took where 
phlebotomy was not possible, proved to be of insufficient quality for 
accurate scoring and are not included. 



RESULTS 



Eight hundred and thirty nine men with breast cancer were 
interviewed at ages ^80 years (generally a year or two after 
diagnosis), of whom 637 (76%) donated a blood sample for 
cytogenetic testing. Seventy two of these were not included in the 
results presented here because their constitution was XXY or XX 
(transgender individuals or female bone marrow transplant) (7), 
testing failed (1), or too few cells were scored (64). Thus, 565 
samples from breast cancer patients are included in the present 
analyses. Thirty four (6%) of the cases had their samples taken < 6 
months after cancer diagnosis, 388 (69%) at 6-23 months after 
diagnosis and 143 (25%) >2 years after diagnosis. Three hundred 
and thirty (58%) cases were aged 65-80 years and 42% younger. 
Samples from 54 controls aged 29-78 (39 non-blood relatives of 
cases, 15 husbands of BGS members), were tested as the 
comparison group. Twenty (37%) of the controls were aged 65- 
80 and 63% younger (they were selected stratified by age in order 
to give sufficient controls at each age group). 

Table 1 shows the proportion of cells with sex chromosome 
aneuploidy, that is, that did not have an XY sex chromosome 
constitution, in cases and controls. Overall, 63% of cases and 57% 
of controls showed aneuploidy. Both cases and controls showed a 
significant increase in sex chromosome aneuploidy with age 



Table 1. Degree of sex chromosome aneuploidy in white blood cells from male breast cancer cases and general population controls, by age 



Age at cytogenetic testing (years) 
<45 45-64 65-80 Total 



Proportion of aneuplold 
cells (%) 


Cases, n 
(%) 


Controls, n 
(%) 


Cases, n 
(%) 


Controls, n 

(%) 


Cases, n 
(%) 


Controls, n 

(%) 


Cases, n 
(%) 


Controls, n 
(%) 


0 


20 (76.92) 


8 (61.54) 


95 (45.45) 


12 (57.14) 


95 (28.79) 


3 (15.00) 


210 (37.17) 


23 (42.59) 


<2 


1 (3.85) 


1 (7.69) 


32 (15.31) 


0 (0.00) 


41 (12.42) 


1 (5.00) 


74 (13.10) 


2 (3.70) 


2-4 


4 (15.38) 


4 (30.77) 


69 (33.01) 


5 (23.81) 


109 (33.03) 


9 (45.00) 


182 (32.21) 


18 (33.33) 


5-9 


1 (3.85) 


0 (0.00) 


10 (478) 


3 (14.29) 


36 (10.91) 


1 (5.00) 


47 (8.32) 


4 (7.41) 


10-19 


0 (0.00) 


0 (0.00) 


3 (1.44) 


1 (4.76) 


33 (10.00) 


1 (5.00) 


36 (6.37) 


2 (3.70) 




0 (0.00) 


0 (0.00) 


0 (0.00) 


0 (0.00) 


16 (485) 


5 (25.00) 


16 (2.83) 


5 (9.26) 


Total 


26 (100.00) 


1 3 (1 00.00) 


209 (100.00) 


21 (100.00) 


330 (100.00) 


20 (100.00) 


565 (100.00) 


54 (100.00) 


Analysis of variance test of whether means for each age group are different, cases: P< 0.001; controls: P = 0.001 . 
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Table 2. Sex chromosome constitution of white blood cells from male 
breast cancer cases and general population controls 



Sex chromosome 
constitution 



Cases 



Controls 



Total 





n 


% 


n 


% 


n 


% 


XY 


210 


37.17 


23 


42.59 


233 


37.64 


XY/X 


330 


58.41 


29 


53.70 


359 


58.00 


XY/X/XXY 


9 


1.59 


0 


0.00 


9 


1.45 


XY/X/XYY 


12 


2.12 


2 


3.70 


14 


2.26 


XY/XA' 


1 


0.18 


0 


0.00 


1 


0.16 


XY/XXY 


1 


0.18 


0 


0.00 


1 


0.16 


XY/XYY 


2 


0.35 


0 


0.00 


2 


0.32 


Total 


565 


100.00 


54 


100.00 


619 


100.00 



(P<0.001 for cases, P= 0.001 for controls, by analysis of variance). 
At ages 65-80, 71% of cases and 85% of controls showed 
aneuploidy, and 15% and 30%, respectively, showed > 10% of 
cells to be aneuploid. Figure 1 shows fitted exponential lines that 
describe how the degree of aneuploidy varies with age in cases and 
controls. Both groups show an increase in sex chromosome 
aneuploidy with age but the proportion of aneuploid cells in the 
controls is larger than in the cases, and testing the difference 
between straight lines fitted to the data, after transforming using 
the arcsine root, found this to be significant (P= 0.03). Repetition 
of the above analyses in subsets of cases according to duration 
since diagnosis or type of treatment received (chest radiotherapy or 
chemotherapy, or neither, where this information was available), in 
subsets of controls by source, or by extent of family history of 
breast cancer, gave no indication that the distribution of 
aneuploidy varied between these (data not in Table). 

Table 2 shows the sex chromosome constitution of the cells with 
sex chromosome aneuploidy. As can be seen, the great majority 
have lost a Y chromosome, whereas a relatively small number 
have lost and gained a Y, or lost a Y and gained an X in a 
proportion of cells. 



DISCUSSION 



Our data showed a highly significant, approximately exponential, 
increase in sex chromosome aneuploidy in white blood cells with 
age, both in men from the general population and in men with 



breast cancer. There was borderline-significant (P= 0.03) evidence 
that the effect was less in the men with breast cancer. To our 
knowledge, there has been only one previous examination of 
aneuploidy in non-cultured blood cells in relation to age in the 
general population and none in people with cancer. Guttenbach 
et al (1995) studied 138 healthy males and found Y hyperdiploidy 
to be very low (0.05%) up to 15 years but increased to a frequency 
of 1.34% in men aged 76-85 years. Our data showed a larger 
proportion of cells with sex chromosome aneuploidy especially 
among the oldest group. The vast majority of these cells were 
lacking a Y chromosome. It is thought that age-related sex 
chromosome aneuploidy may be the result of the sex chromo- 
somes, and especially the inactive X (Abruzzo et al, 1985), being 
somewhat out of phase with the autosomes in terms of DNA 
synthesis and participating in the orderly progression of cell 
division, resulting in anaphase lag and exclusion in micronuclei. A 
number of studies have shown that micronuclei frequently contain 
a sex chromosome (Guttenbach et al, 1994). The increasing rates of 
aneuploidy that we observed with older age could be due to greater 
somatic mutation rates or accumulation with age, and/or reduced 
capacity for genomic maintenance, for instance because of attrition 
of telomeres (Sahin and Depinho, 2010). Sex chromosomes might 
show a greater ageing effect than autosomes because they are less 
likely to be selected against - cells with one or two X chromosomes 
being equally viable, as are cells with one or no Y chromosomes. 
Although aneuploidy was not a feature specific to familial cases of 
male breast cancer in our data (and we did not have information 
on BRCA2 mutation status of our cases), it is notable that in 
addition to its established role in the repair of DNA damage by 
homologous recombination, BRCA2 is also thought to be involved 
in cytokinesis (Mondal et al, 2012). It is possible that disruption of 
cytokinesis in BRCA2-deficient cells may lead to chromosome 
aneuploidy. 

As the great majority of cells scored on the blood films must 
have originated in the bone marrow, the aneuploidy seen must be a 
reflection of that reported in the bone marrow in males. Although 
a similar loss and gain of the Y chromosome in cultured T 
lymphocytes has been reported in ageing males it is considerably 
less frequent than that reported here (Jacobs et al, 1963; Galloway 
and Buckton, 1978). In cultured T lymphocytes of females, 
aneuploidy of the X chromosome is observed more frequently 
than aneuploidy of the Y chromosome in males. In contrast, there 
appears to be little or no X chromosome aneuploidy in bone 
marrow cells of normal females or of females with a haematological 
malignancy (Seeker Walker, 1971) although Y chromosome loss is 
very frequent in bone marrow of both normal males and those with 
a haematological malignancy. However, it is not possible to 
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determine whether the age and tissue differences in sex chromo- 
some aneuploidy between males and females is the result of 
differences in the frequency with which such aneuploidy occurs or 
results from selective factors operating differently in males and 
females. 

Recent studies have investigated the age distribution of large 
chromosomal anomalies overall, including aneuploidy plus other 
anomalies, in autosomes from the general population and from 
patients with various types of cancer (Laurie et al, 2012; Jacobs 
et al, 2012). A much smaller increase in prevalence with age was 
found than in our study, reaching 2-3% at ages in the 70s for these 
anomalies overall, rather than 10-15% for sex chromosome 
aneuploidies alone in our data. However, the method used in 
those studies, based on SNP microarrays, was far less sensitive than 
the cytogenetic method we used, and was only able to detect 
abnormal karyotypes if they constituted >5-10% of cells. The 
studies of autosomes found the anomalies more common in cancer 
patients than in the general population, and especially common in 
samples taken before haematological malignancy diagnosis (Jacobs 
et al 2012, Laurie et al, 2012). Our samples from cancer patients 
were all taken after diagnosis, so there is a possibility that 
treatment may have affected the degree of aneuploidy, i.e. have 
purged aneuploid cells preferentially. Examination of risks by type 
of treatment and duration since treatment did not suggest that this 
was so, however. 

In summary, we have found that sex chromosome aneuploidy 
is common in uncultured white blood cells from normal men 
and those with breast cancer, and increases greatly with age. There 
was a just-significant difference in aneuploidy between 
breast cancer cases and controls, but there is no obvious 
explanation for this. 
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